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(54) Field effect transistor and method of manufacturing the same 



(57) There are provided a field effect transistor with 
a high withstand voltage and low loss and a method of 
manufacturing the same. The field effect transistor in- 
cludes an n-type substrate 11 , an n-type semiconductor 
layer 12 formed on the n-type substrate 11, a p-type 
semiconductor layer 13 formed on the n-type semicon- 
ductor layer 12, a p-type region 14 embedded in the n- 
type semiconductor layer 12, an n-type region 15 em- 
bedded in the n-type semiconductor layer 1 2 and the p- 



type semiconductor layer 13, an n-type source region 
1 6 disposed in the p-type semiconductor layer 13 on its 
surface side, an insulating layer 17 disposed on the p- 
type semiconductor layer 13, a gate electrode 18 dis- 
posed on the insulating layer 1 7, a source electrode 19, 
and a drain electrode 20. The n-type semiconductor lay- 
er 1 2, the p-type semiconductor layer 13, and the p-type 
region 14 are made of wide-gap semiconductors with a 
bandgap of at least 2eV, respectively. 
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Description 

[0001] The present invention relates generally to a 
field effect transistor formed using a wide-gap semicon- 
ductor and to a method of manufacturing the same. 
[0002] Conventionally, various field effect transistors 
(insulated-gate semiconductor devices) have been pro- 
posed. Such field effect transistors (hereinafter also re- 
ferred to as a "FET") are required to have a high with- 
stand voltage and low loss. 

[0003] A conventional FET is described by means of 
an example as follows. Fig. 8A shows a sectional view 
of a conventional FET 101 formed using Si. The FET 
101 includes an n-type substrate 102, an n-type semi- 
conductor layer 103 grown epitaxially on the substrate 

102, and a p-type region 104 formed by boron implan- 
tation in the n-type semiconductor layer 1 03. In addition, 
the FET 101 also includes an n-type region 105 formed 
by phosphorus implantation in a part of the p-type region 
104 in the vicinity of its surface, an insulating layer (a 
gate insulating layer) 106 formed to cover a portion of 
the p-type region 104 between the n-type semiconduc- 
tor layer 1 03 adjacent to the p-type region 1 04 and the 
n-type region 1 05, a gate electrode 1 07a formed on the 
insulating layer 1 06, a source electrode 1 07b formed in 
contact with the p-type region 1 04 and the n-type region 
1 05, and a drain electrode 1 07c formed on the rear face 
of the substrate 102. 

[0004] In the FET 101 , a bias is applied to the gate 
electrode 107a, so that an inversion layer is formed in 
the p-type region 1 04 and functions as a channel. In the 
FET 1 01 , in order to obtain a sufficiently high withstand 
voltage in an off state, it is necessary to suppress a dop- 
ing concentration in the n-type semiconductor layer 1 03 
to a low level. This results in higher electrical resistance 
of the n-type semiconductor layer 103. 
[0005] Fig. 8B shows a sectional view of a conven- 
tional FET 1 01 a formed using SiC (silicon carbide). With 
reference to Fig. 8B, the FET 101a includes an n-type 
semiconductor layer 103 and a p-type semiconductor 
layer 109 grown epitaxially by a chemical vapor depo- 
sition (CVD) method sequentially on an n-type substrate 
108 made of SiC. In addition, the FET 101a also in- 
cludes an n + region 105a formed in a part of a surface 
portion of the p-type semiconductor layer 1 09. Thus, the 
FET 101a has an n + /p/n layered structure. The FET 
101a includes a trench T passing through the p-type 
semiconductor layer 109 from the surface of the n+ re- 
gion 1 05a and reaching the n-type semiconductor layer 

103. The FET 101a is provided with an insulating layer 
(a gate insulating layer) 106 formed by oxidation of the 
inner wall of the trench T, a gate electrode 1 07a formed 
on the insulating layer 106, a source electrode 107b 
formed in contact with the n+ region 1 05a and the p-type 
semiconductor layer 109, and a drain electrode 107c 
formed on the rear face of the substrate 1 08. In the FET 
1 01 a, a channel region switched on or off depending on 
a voltage applied to the gate electrode 107a is formed 



in the vicinity of the interface between the p-type semi- 
conductor layer 1 09 and the insulating layer 1 06 where 
the wall surface of the trench T is formed. The details of 
this conventional technique are disclosed, for example, 

5 in Silicon Carbide; A Review of Fundamental Questions 
and Applications to Current Device Technology, edited 
by W. J. Choyke, H. Matsunami, and G. Pensl (Akade- 
mie Verlag, 1997, Vol. II pp.369-388). 
[0006] In the FET 1 01 , the doping concentration and 

io thickness of the n-type semiconductor layer 1 03 are de- 
termined depending on the withstand voltage required 
for the device. Generally, in order to obtain a withstand 
voltage of several hundreds of voltages in a Si-MOS- 
FET, the n-type semiconductor layer 103 is required to 

15 have a thickness of several tens of micrometers and a 
low doping concentration of about 10 14 cm' 3 . Therefore, 
the resistance value in an on state is significantly high. 
Furthermore, when a thick epitaxial layer is formed at a 
low doping concentration in the n-type semiconductor 

20 layer 103, there have been problems in that a longer 
time is required for the formation and the manufacturing 
cost increases. 

[0007] The SiC used for the FET 101a is a non-iso- 
tropic crystal. It has been known that SiC has different 

25 oxidation rates depending on crystallographic orienta- 
tions. A Si plane of an a-SiC(0001) substrate has the 
lowest oxidation rate. On the contrary, a C plane of an 
a-SiC(000-1) substrate that is obtained by a 180° rota- 
tion of the Si plane has the highest oxidation rate. When 

30 an insulating oxidation layer is formed by oxidation of 
the trench having planes corresponding to a plurality of 
different crystallographic orientations, the thickness of 
the insulating oxidation layer thus formed varies de- 
pending on the crystallographic orientations. Conse- 

35 quently, the thickness of the insulating silicon oxide layer 
is not uniform inside the trench and. thus a nonuniform 
electric field is applied to the insulating layer 106 be- 
tween the gate electrode and the SiC semiconductor. 
For instance, when the FET 1 01 a is formed using the a- 

40 SiC(0001) substrate with the Si plane allowing an epi- 
taxial layer with high crystallinity to be obtained, a rela- 
tively thin insulating layer 106 is formed on the wafer 
surface and the bottom surface of the trench T and a 
relatively thick insulating layer 1 06 is formed on the wall 

45 surface of the trench T as shown in Fig. 8B. The gate 
electrode 107a also is formed on the surface of the in- 
sulating layer 106 formed on the bottom surface of the 
trench T As a result, a stronger electric field than that 
applied to the insulating layer 106 above the channel 

50 portion positioned in the vicinity of the wall surface of 
the trench T is applied to the insulating layer 1 06 formed 
on the bottom surface of the trench T. In such a case, 
the formation of the insulating layer 1 06 with a sufficient 
thickness set with consideration given to a withstand 

55 voltage forthe purpose of forming a field effect transistor 
with a high withstand voltage results in formation of a 
very thick insulating layer 106 adjacent to the channel 
portion (a portion of the semiconductor layer in contact 
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with the wall surface of the trench T). The formation of 
the thick insulating layer 106 adjacent to the channel 
portion, however, causes deterioration in the response 
performance of the device to a gate voltage, and as a 
result, it is required to apply a high voltage to the gate 
for on/off switching of the device. When the insulating 
layer 106 formed adjacent to the channel portion is al- 
lowed to have an optimum thickness, there has been a 
problem in that the thickness of the insulating layer 1 06 
formed on the bottom surface of the trench T is reduced 
andthusthe withstand voltage of this portion decreases. 
Hence, with the above-mentioned conventional tech- 
nique, it has been difficult to form a power device with 
a high withstand voltage and high efficiency using a sub- 
strate such as the oc-SiC(000 1 ) substrate with a Si plane. 
[0008] Fig. 9 shows a power MOSFET 200 disclosed 
in United State Patent No. 5,438,215 to Tihanyi. The 
FET 200 includes an n-type inner region 201, a base 
region 203, a source region 204, a drain region 207, a 
plurality of p-type additional regions 21 1 , and n-type ad- 
ditional regions 212 each of which is disposed two ad- 
jacent p-type additional regions 211. The additional re- 
gions 212.are doped at a higher concentration than that 
at which the inner region 201 is doped. 
[0009] Furthermore, in the case of the FET 200, in or- 
der to form the FET 200 with a withstand voltage of sev- 
eral hundreds of volts to several kilovolts using a semi- 
conductor such as Si, it is necessary to set the length of 
the additional regions 21 1 and 21 2 in the thickness di- 
rection A to be several tens of micrometers *or longer. In 
order to form such additional regions 211 and 212, it is 
required to repeat epitaxial growth and ion implantation 
plural times and thus a very complicated process is nec- 
essary. In addition, there has been a problem in that the 
presence of a number of interfaces formed by the rep- 
etition of the epitaxial growth results in easy breakage 
caused by the heat history. 

[0010] Therefore, with the foregoing in mind, it is an 
object of the present invention to provide a field effect 
transistor with a high withstand voltage and low loss, 
and a method of manufacturing the same. 
[0011] In order to achieve the above-mentioned ob- 
ject, a field effect transistor of the present invention in- 
cludes: an n-type semiconductor layer; a p-type semi- 
conductor layer formed on the n-type semiconductor 
layer; a p-type region embedded in the n-type semicon- 
ductor layer to be in contact with the p-type semicon- 
ductor layer; a drain electrode electrically connected to 
the n-type semiconductor layer; an n-type source region 
disposed in contact with the p-type semiconductor layer; 
an insulating layer disposed adjacent to the p-type sem- 
iconductor layer; and a gate electrode disposed on the 
insulating layer. The n-type semiconductor layer, the p- 
type semiconductor layer, and the p-type region are 
made of wide-gap semiconductors with a bandgap of at 
least 2eV, respectively. According to the field effect tran- 
sistor of the present invention, a field effect transistor 
with a high withstand voltage and low loss can be ob- 



tained. 

[0012] In the fietd effect transistor of the present in- 
vention, the wide-gap semiconductor may be SiC. Ac- 
cording to this configuration, a power device with a high 
5 withstand voltage can be obtained in which a large cur- 
rent can be controlled and the physical properties of SiC 
such as high thermal conductivity, a high withstand volt- 
age, and the like are reflected. Particularly, a vertical 
field effect transistor with a high withstand voltage, large 

10 current capacity, and low loss can be obtained by using 
a substrate and semiconductor layers made of SiC. 
[0013] In the field effect transistor of the present in- 
vention, a substrate made of SiC further may be includ- 
ed. The n-type semiconductor layer may be formed on 

15 the substrate. The substrate may be one of the following 
substrates with a Si plane: a p-SiC(1 1 1 ) substrate, a 6H 
a-SiC(0001) substrate, a 4H a-SiC(0001) substrate, a 
1 5R-SiC substrate, and substrates with planes obtained 
by off cutting of the Si planes thereof by a tilt angle within 

20 1 o degrees. Furthermore, the substrate may be a p-SiC 
(100) substrate, a (5-SiC(110) substrate, a 6H ot-SiC 
(1-100) substrate, a 4H a-SiC(1-100) substrate, an a- 
SiC(11-20) substrate, or one of those substrates with 
planes obtained by off-cutting of the planes thereof by 

25 a tilt angle within 15 degrees. According to the above- 
mentioned configuration, since a semiconductor layer 
with high crystallinity can be grown epitaxially, a field ef- 
fect transistor can be obtained that has good character- 
istics and can be manufactured easily. 

30 [0014] In the field effect transistor of the present in- 
vention, an n-type region passing through the p-type 
semiconductor layer to reach the n-type semiconductor 
layer further may be included, The n-type source region 
may be disposed in a surface portion of the p-type sem- 

35 iconductor layer and around the n-type region. A portion 
of the n-type source region other than its surface may 
be surrounded by the p-type semiconductor layer. The 
gate electrode may be disposed in a place correspond- 
ing to that of a portion of the p-type semiconductor layer 

40 between the n-type region and the n-type source region 
with the insulating layer interposed between the gate 
electrode and the portion of the p-type semiconductor 
layer. In addition, the p-type region may be disposed 
around the n-type region. With this configuration, a field 

45 effect transistor with a particularly high withstand volt- 
age and low loss can be obtained. 
[0015] In the field effect transistor of the present in- 
vention, a trench passing through the p-type semicon- 
ductor layer to reach the n-type semiconductor layer fur- 

50 ther may be included. The insulating layer may be dis- 
posed on at least a side wall of the trench. The n-type 
source region may be disposed in a surface portion of 
the p-type semiconductor layer and around the insulat- 
ing layer. Furthermore, the p-type region may be dis- 

55 posed around the trench. With this configuration, a field 
effect transistor with a particularly high withstand volt- 
age and low loss can be obtained. 
[0016] In the field effect transistor of the present in- 
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vention, the insulating layer disposed on the side wall 
may have a mean thickness not exceeding 500 nm. 
[0017] In the field effect transistor of the present in- 
vention, a total of a mean thickness of the n-type semi- 
conductor layer and a mean thickness of the p-type 
semiconductor layer may not exceed 20 u,m. The above- 
mentioned configuration allows the field effect transistor 
to be manufactured particularly easily. 
[0018] In the field effect transistor of the present in- 
vention, the p-type region may have a depth not exceed- 
ing 10 urn The above-mentioned configuration allows 
the field effect transistor to be manufactured particularly 
easily. 

[0019] A method of manufacturing a field effect tran- 
sistor, which is provided with an n-type semiconductor 
layer and a p-type semiconductor layer formed on the 
n-type semiconductor layer, of the present invention in- 
cludes: a first process of forming the n-type semicon- 
ductor layer on an n-type substrate; a second process 
of forming a p-type region extending inward from a sur- 
face of the n-type semiconductor layer by doping a part 
of the n-type semiconductor layer; and a third process 
of forming the p-type semiconductor layer on the n-type 
semiconductor layer. The n-type semiconductor layer, 
the p-type semiconductor layer, and the p-type region 
are made of wide-gap semiconductors with a bandgap 
of at least 2eV, respectively. According to the manufac- 
turing method of the present invention, afield effect tran- 
sistor of the present invention having a high withstand 
voltage and low loss can be manufactured easily. 
[0020] In the manufacturing method of the present in- 
vention, the following processes further may be included 
after the third process: a fourth process of forming an n- 
type region and an n-type source region by doping parts 
of the p-type semiconductor layer so that the n-type re- 
gion passes through the p-type semiconductor layer to 
reach the n-type semiconductor layer, the n-type source 
region being disposed in a surface portion of the p-type 
semiconductor layer and formed around the n-type re- 
gion, and a portion of the n-type source region other than 
its surface being surrounded by the p-type semiconduc- 
tor layer; a fifth process of forming an insulating layer to 
cover a portion of the p-type semiconductor layer be- 
tween the n-type region and the n-type source region; 
and a sixth process of forming a gate electrode to be 
disposed on the insulating layer, a source electrode to 
be disposed in contact with the n-type source region, 
and a drain electrode to be disposed on the rear face of 
the substrate. 

[0021] In the manufacturing method of the present in- 
vention, the following processes further may be included 
after the third process: a fourth process of forming an n- 
type source region in a surface portion of the p-type 
semiconductor layer by doping a part of the p-type sem- 
iconductor layer; a fifth process of forming a trench to 
pass through the p-type semiconductor layer to reach 
the n-type semiconductor layer by etching a center por- 
tion of the n-type source region from a surface side of 



the p-type semiconductor layer so that the trench reach- 
es the n-type semiconductor layer, and forming an insu- 
lating layer on an inner wall of the trench; and a sixth 
process of forming a gate electrode to be disposed in- 
5 side the insulating layer, a source electrode to be dis- 
posed in contact with the n-type source region, and a 
drain electrode to be disposed on the rear face of the 
substrate. 

[0022] In the manufacturing method of the present in- 
10 vention, thefollowing processes further may be included 
after the third process: a fourth process of forming an n- 
type source region made of an n-type semiconductor on 
the p-type semiconductor layer; a fifth process of form- 
ing a trench to pass through the p-type semiconductor 
*s layerto reach the n-type semiconductor layer by etching 
a center portion of the n-type source region from a sur- 
face side of the n-type source region so that the trench 
reaches the n-type semiconductor layer, and forming an 
insulating layer on an inner wall of the trench; and a sixth 
20 process of forming a gate electrode to be disposed in- 
side the insulating layer, a source electrode to be dis- 
posed in contact with the n-type source region, and a 
drain electrode to be disposed on the rear face of the 
substrate. 

25 [0023] Figs. 1A and 1B are a sectional view and a 
functional diagram of an example of a field effect tran- 
sistor according to the present invention, respectively. 
[0024] Figs. 2A and 2B show a sectional view in a part 
and a plan view in another part of the field effect tran- 

30 sistor shown in Fig. 1A. 

[0025] Figs. 3A and 3B are a sectional view and a 
functional diagram of another example of a field effect 
transistor according to the present invention, respec- 
tively. 

35 [0026] Figs. 4A and 4B are a sectional view and a 
functional diagram of still another example of a field ef- 
fect transistor according to the present invention, re- 
spectively. 

[0027] Figs. 5A to 5D show processes in an example 
40 of a method of manufacturing a field effect transistor ac- 
cording to the present invention. 

[0028] Figs. 6A to 6D show processes in another ex- 
ample of a method of manufacturing a field effect tran- 
sistor according to the present invention. 

45 [0029] Figs. 7A to 7D show processes in still another 
example of a method of manufacturing a field effect tran- 
sistor according to the present invention. 
[0030] Figs. 8A and SB show sectional views of ex- 
amples of conventional field effect transistors. 

50 [0031] Fig. 9 is a sectional view showing still another 
example of a conventional field effect transistor. 
[0032] Examples of embodiments according to the 
present invention are described with reference to the 
drawings as follows. 

55 [0033] A field effect transistor of the present invention 
includes: an n-type semiconductor layer; a p-type sem- 
iconductor layer formed on the n-type semiconductor 
layer; a p-type region embedded in the n-type semicon- 
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ductor layer to be in contact with the p-type semicon- 
ductor layer; a drain electrode electrically connected to 
the n-type semiconductor layer; an n-type source region 
disposed in contact with the p-type semiconductor layer; 
an insulating layer disposed adjacent to the p-type sem- 
iconductor layer; and a gate electrode disposed on the 
insulating layer. The n-type semiconductor layer, the p- 
type semiconductor layer, and the p-type region may be 
made of wide-gap semiconductors with a bandgap of at 
least 2eV, respectively. 

[0034] A method of manufacturing a field effect tran- 
sistor, which is provided with an n-type semiconductor 
layer and a p-type semiconductor layer formed on the 
n-type semiconductor layer, of the present invention in- 
cludes: a first process of forming the n-type semicon- 
ductor layer on an n-type substrate; a second process 
of forming a p-type region extending inward from the 
surface of the n-type semiconductor layer by doping a 
part of the n-type semiconductor layer; and a third proc- 
ess of forming the p-type semiconductor layer on the n- 
type semiconductor layer. The n-type semiconductor 
layer, the p-type semiconductor layer, and the p-type re- 
gion may be made of wide-gap semiconductors with a 
bandgap of at least 2eV, respectively. 
[0035] The following descriptions are directed to spe- 
cific examples of the embodiments. 

Embodiment 1 

[0036] In Embodiment 1 , the description is directed to 
an example of a field effect transistor according to the 
present invention. Fig. 1 A shows a sectional view of a 
field effect transistor 10 (hereinafter also referred to as 
a "FET 1 1 0) according to Embodiment 1 . 
[0037] With reference to Fig. 1 A, the FET 10 includes 
an n-type substrate 11, an n-type semiconductor layer 
12 formed on the substrate 11 , and a p-type semicon- 
ductor layer 13 (shown with hatching omitted) formed 
on the n-type semiconductor layer 12. In addition, the 
FET 10 also includes a p-type region 14 embedded in 
the n-type semiconductor layer 12, an n-type region 15 
embedded in the n-type semiconductor layer 1 2 and the 
p-type semiconductor layer 13, an n-type source region 

1 6 disposed in the p-type semiconductor layer 1 3 on its 
surface side, an insulating layer (a gate insulating layer) 

17 disposed on the p-type semiconductor layer 13, a 
gate electrode 1 8 disposed on the insulating layer 1 7, a 
source electrode 19, and a drain electrode 20. The n- 
type semiconductor layer 12, the p-type semiconductor 
layer 1 3, and the p-type region 1 4 may be made of wide- 
gap semiconductors with a bandgap Eg of at least 2eV 
(preferably 2.5 < Eg), respectively. For instance, silicon 
carbide (SiC) can be used as the wide-gap semiconduc- 
tor. In addition, a group III nitride compound semicon- 
ductor (for example GaN) containing nitrogen and at 
least one element selected from Ga, In, and Al also can 
be used. 

[0038] An n-type SiC substrate or an n-type group III 



nitride compound semiconductor substrate can be used 
as the n-type substrate 11 . Specifically, one of the fol- 
lowing substrates with a Si plane can be used as the n- 
type substrate 11: a p-SiC(111) substrate, a 6H a-SiC 

5 (0001) substrate, a 4H a-SiC (0001) substrate, a 15R- 
SiC substrate, and substrates with planes obtained by 
off-cutting the Si planes thereof by a tilt angle within 10 
degrees. In addition, one of the following substrate also 
can be used: a p-SiC(1 00) substrate, a p-SiC(1 1 0) sub- 

10 strate, a 6H a-SiC (1-1 00) substrate, a 4H a-SiC (1 -1 00) 
substrate, an a-SiC (11-20) substrate, and substrates 
with planes obtained by off-cutting planes thereof by a 
tilt angle within 1 5 degrees. The use of such a substrate 
allows a SiC layer with high crystallinity easily to grow 

is epitaxially and thus a smooth surface can be obtained. 
[0039] An n-type SiC or n-type group III nitride com- 
pound semiconductor can be used for the n-type semi- 
conductor layer 12. A p-type SiC or p-type group III ni- 
tride compound semiconductor can be used for the p- 

20 type semiconductor layer 13. The n-type semiconductor 
layer 12 has a thickness, for example, in the range of 1 
ujti to 100 ujti. The p-type semiconductor layer 13 has 
a thickness, for example, in the range of 0.5 u,m to 10 
ujti. In the FET 1 0, since the n-type semiconductor layer 

25 1 2 and the p-type semiconductor layer 1 3 are made of 
wide-gap semiconductors, respectively, the n-type sem- 
iconductor layer 12 and the p-type semiconductor layer 

1 3 can be formed to be thin (the same holds true in the 
following embodiments). For instance, the total of mean 

30 thicknesses of the n-type semiconductor layer 12 and 
the p-type semiconductor layer 1 3 can be set not to ex- 
ceed 20 ujti. Hence, it is not necessary to repeat epitax- 
ial growth and ion implantation plural times. Accordingly, 
a highly reliable FET can be obtained that can be man- 

35 ufactured easily. 

[0040] The p-type region 14 has, for example, an an- 
nular shape such as a doughnut shape or a hexagonal 
shape with an opening in its center. The p-type region 

1 4 is embedded in the n-type semiconductor layer 1 2 to 
40 be in contact with the p-type semiconductor layer 13. 

The p-type region 1 4 and the p-type semiconductor lay- 
er 13 have electrical continuity therebetween. The thick- 
ness of the p-type region 14 is, for example, in the range 
of 1 jim to 1 0 jim. Fig. 2A shows a sectional view of the 

45 interface between the n-type semiconductor layer 12 
and the p-type semiconductor layer 1 3 in the case where 
the p-type region 1 4 has a doughnut shape, viewed from 
the p-type semiconductor layer 13 side (with hatching 
omitted). As shown in Fig. 2A, the p-type region 14 is 

50 formed in a place surrounding the n-type region 15 but 
being not in contact with the n-type region 15. The p- 
type region 14 can be formed by doping of a part of the 
n-type semiconductor layer 12 and is made of SiC, a 
group III nitride compound semiconductor, or the like. In 

55 the FET of the present invention, the n-type semicon- 
ductor layer 12 with the p-type region 14 embedded 
therein has a substantially uniform dopant concentra- 
tion. Specifically, it is preferable that the value of varia- 
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tion in dopant concentration in the n-type semiconductor 
layer 1 2 does not exceed a value indicated with one dig- 
it. It is not necessary to allow the n-type semiconductor 
layer 12 to have a specially high dopant concentration. 
[0041] The n-type region 15 passes through the p- 
type semiconductor layer 13 to reach a portion of the n- 
type semiconductor layer 1 2 located at the center of the 
annular p-type region 14. The n-type region 15 can be 
formed by doping of a part of the n-type semiconductor 
layer 1 2 and the p-type semiconductor layer 1 3. The n- 
type region 15 is made of SiC, a group III nitride com- 
pound semiconductor, or the like. 
[0042] The n-type source region 16 is formed in the 
vicinity of a surface 1 3a of the p-type semiconductor lay- 
er 13 surrounding the n-type region 15 so as not to be 
in contact with the n-type region 15. In other words, the 
n-type source region 16 is formed in a surface portion 
of the p-type semiconductor layer 13 surrounding the n- 
type region 15 and the portion of the n-type source re- 
gion 16 other than its surface is surrounded by the p- 
type semiconductor layer 13. The n-type source region 
1 6 can be formed by doping of a part of the p-type sem- 
iconductor layer 13 at a high concentration and is made 
of SiC, a group III nitride compound semiconductor, or 
the like. The n-type source region 16 has, for instance, 
an annular shape. Fig. 2B shows a plan view of the sur- 
face 1 3a of the p-type semiconductor layer 1 3 according 
to an example when the n-type source region 16 has a 
doughnut shape. 

[0043] The insulating layer 17 is disposed on the p- 
type semiconductor layer 13 so as to cover at least a 
part of the surface 1 3a of the p-type semiconductor layer 
13 located in a place sandwiched between the n-type 
region 15 and the n-type source region 1 6. The insulat- 
ing layer 1 7 can be formed of, for instance, an insulating 
oxide such as silicon oxide or aluminum oxide, ferroe- 
lectric substance, or insulating nitride. 
[0044] The gate electrode 18 is disposed in a place 
corresponding to that of a portion of the p-type semicon- 
ductor layer 1 3 between the n-type region 1 5 and the n- 
type source region 1 6 with the insulating layer 1 7 inter- 
posed between the gate electrode 1 8 and the portion of 
the p-type semiconductor layer 13. The source elec- 
trode 1 9 is disposed to be in contact with both the p-type 
semiconductor layer 1 3 and the n-type source region 1 6. 
The drain electrode 20 is formed on the rear face of the 
substrate 11 . The drain electrode 20 is connected with 
the n-type semiconductor layer 12 to have electrical 
continuity therewith, i.e. to have a substantial ohmic 
contact therewith. In the FET 10, the portion (between 
the n-type region 15 and the n-type source region 16) 
of the p-type semiconductor layer 1 3 located in a place 
corresponding to that of the gate electrode 1 8 functions 
as a channel region 21 . 

[0045] In the FET 10 ; electrons flow through a path 
defined by the source electrode 1 9 — the n-type source 
region 1 6 — the channel region 21 — the n-type region 
15 — the n-type semiconductor layer 12 — the sub- 



strate 1 1 — the drain electrode 20. When the FET 1 0 is 
in an off state, the voltage applied between the source 
electrode 1 9 and the drain electrode 20 is a reverse bias 
to a p-n junction formed between the n-type semicon- 
5 ductor layer 1 2 and both the p-type semiconductor layer 
13 and the p-type region14. Fig. 1B schematically 
shows a depletion region 22 (shown with hatching in Fig. 
1B) formed in the FET 10. 

[0046] In the FET 10, the p-n junction is formed be- 

10 tween the n-type semiconductor layer 1 2 and the p-type 
region 1 4. Therefore, the depletion region 22 occurs and 
spreads around the p-type region 14. This provides the 
same effect in the off state as that obtained when an 
insulating layer is present between the n-type region 15 

15 and the drain electrode 20, and thus allows a significant 
electric potential drop to be achieved between the n- 
type region 15 and the drain electrode 20. Accordingly, 
this electric potential drop reduces the potential differ- 
ence between the n-type region 15 and the gate elec- 

20 trode 1 8. Thus, the electric field applied to the insulating 
layer 1 7 in the off state of the FET 1 0 is weakened and 
thereby the withstand voltage of the FET 10 increases. 
Furthermore, the depletion region 22 in the off state is 
formed in a sufficiently thick portion of the n-type semi- 

25 conductor layer 1 2. Therefore, a high withstand voltage 
can be maintained even when the doping concentration 
in the n-type region 15 embedded in the p-type semi- 
conductor layer 13 is increased. The doping of the n- 
type region 15 at a high concentration allows electrical 

30 resistance in an on state to be reduced and loss in the 
FET 10 to be reduced accordingly. 
[0047] As described above, according to the FET 10, 
afield effect transistor with a high withstand voltage and 
low loss can be obtained. Since the n-type semiconduc- 

35 tor layer 12, the p-type region 14, and the p-type semi- 
conductor layer 1 3 can be formed to be thin in the FET 
10, the FET 10 can be manufactured easily. Moreover, 
when a plurality of field effect transistors produced ac- 
cording to the present invention are formed in a matrix 

40 form, a power MOS FET can be obtained that can control 
a high current and voltage. 

Embodiment 2 

4 5 [0048] In Embodiment 2, the description is directed to 
another example of a field effect transistor according to 
the present invention. The parts identical with those in 
Embodiment 1 are indicated with the same numerals 
and the duplicate descriptions will be omitted (the same 

50 holds true in the following embodiments). 

[0049] Fig. 3A shows a sectional view of a FET 30 ac- 
cording to Embodiment 2. With reference to Fig. 3A, the 
FET 30 includes an n-type substrate 1 1 , an n-type sem- 
iconductor layer 12 formed on the substrate 11, and a 

55 p-type semiconductor layer 13 (shown with hatching 
omitted) formed on the n-type semiconductor layer 12. 
in addition, the FET 30 includes a p-type region 14 em- 
bedded in the n-type semiconductor layer 12, a trench 
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31 passing through the p-type semiconductor layer 13 
to reach the n-type semiconductor layer 12, an insulat- 
ing layer 32 disposed on the inner wall of the trench 31 , 
an n-type source region 33 disposed in the p-type sem- 
iconductor layer 13 on its surface 13a side, a gate elec- 
trode 34, a source electrode 19, and a drain electrode 
20. 

[0050] The trench 31 is a groove passing through the 
p-type semiconductor layer 13 to reach the n-type sem- 
iconductor layer 12. The p-type region 14 is embedded 
in the n-type semiconductor layer 12 to be in contact 
with the p-type semiconductor layer 13. In addition, the 
p-type region 14 is disposed around the trench 31 . 
[0051] The insulating layer 32 is disposed on at least 
a side wall 31 b (see Fig. 6B) of the trench 31 . In other 
words, the insulating layer 32 is disposed adjacent to 
the p-type semiconductor layer 13. In the FET 30, the 
insulating layer 32 on the side wall 31b can be formed 
to be thinner. The mean thickness of the insulating layer 

32 on the side wall 31b is changed depending on the 
required characteristics, but can be, for example, in the 
range of 10 nm to 1000 nm (preferably, 10 nm to 500 
nm). The reduction in thickness of the insulating layer 
32 on the side wall 31 b allows a device with a high speed 
of response to be obtained. The gate electrode 34 is dis- 
posed on the insulating layer 32. 

[0052] The n-type source region 33 is disposed in the 
p-type semiconductor layer 13 on its surface 13a side 
and around the insulating layer 32 and is in contact with 
the p-type semiconductor layer 13, 
[0053] In FET 30, a portion of the p-type semiconduc- 
tor layer 13 located around the side wall of the trench 
31 functions as a channel region 35. In FET 30, elec- 
trons flow through a path defined by the source elec- 
trode 19 - the n-type source region 33 — the channel 
region 35 — the n-type semiconductor layer 12 — the 
substrate 11 — the drain electrode 20. 
[0054] When the FET 30 is in an off state, the voltage 
applied between the source electrode 19 and the drain 
electrode 20 is a reverse bias to a p-n junction formed 
between the n-type semiconductor layer 1 2 and both the 
p-type semiconductor layer 1 3 and the p-type region 1 4. 
Fig. 3B schematically shows a depletion region 36 
(shown with hatching in Fig. 3B) formed in the FET 30. 
[0055] In the FET 30, the p-n junction is formed be- 
tween the n-type semiconductor layer 1 2 and the p-type 
region 1 4. Therefore, the depletion region 36 occurs and 
spreads around the p-type region 14. This provides the 
same effect in the off state as that obtained when an 
insulating layer is present between the drain electrode 
20 and the n-type semiconductor layer 1 2 directly under 
a bottom surface 31a of the trench 31 , and thus allows 
a significant electric potential drop to be achieved be- 
tween the bottom surface 31a and the drain electrode 
20. Accordingly, this electric potential drop reduces the 
potential difference between the bottom surface 31a 
and the gate electrode 34. Thus, the electric field applied 
to the insulating layer 32 in the off state of the FET 30 



is weakened and thereby the withstand voltage of the 
FET 30 is increased. 

[0056] As described above, according to the FET 30, 
a field effect transistor with a high withstand voltage and 
5 low loss can be obtained. Moreover, when a plurality of 
FETs 30 are formed in a matrix form, a power MOSFET 
can be obtained that can control a high current and volt- 
age. 

10 Embodiment 3 

[0057] In Embodiment 3, the description is directed to 
another example of a field effect transistor according to 
the present invention. 

is [0058] Fig. 4A shows a sectional view of a FET 40 ac- 
cording to Embodiment 3. With reference to Fig. 4A, the 
FET 40 includes an n-type substrate 1 1 , an n-type sem- 
iconductor layer 12 formed on the substrate 11, and a 
p-type semiconductor layer 13 (shown with hatching 

20 omitted) formed on the n-type semiconductor layer 12. 
In addition, the FET 40 also includes a p-type region 14 
embedded in the n-type semiconductor layer 12, a 
trench 31 passing through the p-type semiconductor 
layer 1 3 to reach the n-type semiconductor layer 1 2, an 

25 insulating layer 32 disposed on the inner wall of the 
trench 31, an n-type source region 41 disposed on the 
p-type semiconductor layer 13, a gate electrode 34, a 
source electrode 42, and a drain electrode 20. 
[0059] The trench 31 is a groove passing through the 

30 p-type semiconductor layer 1 3 to reach the n-type sem- 
iconductor layer 12. The p-type region 14 is disposed 
around the trench 31 . 

[0060] The insulating layer 32 is formed on the inner 
wall of the trench 31 . In the FET 40 ; the insulating layer 

35 32 on the side wall 31b (see Fig. 7B) can be formed to 
be thinner. The mean thickness of the insulating layer 
32 on the side wall 31b is changed depending on the 
required characteristics, but can be, for example, in the 
range of 1 0 nm to 1 000 nm (preferably, 1 0 nm to 500 

40 nm). The reduction in thickness of the insulating layer 
32 on the side wall 31 b allows a device with a high speed 
of response to be obtained. The gate electrode 34 is dis- 
posed on the insulating layer 32. 

[0061] The n-type source region 41 is disposed on the 
45 p-type semiconductor layer 13 and around an opening 
of the trench 31 . The source electrode 42 is disposed in 
contact with the n-type source region 41 . 
[0062] When the FET 40 is in an off state, the voltage 
applied between the source electrode 42 and the drain 
50 electrode 20 is a reverse bias to a p-n junction formed 
between the n-type semiconductor layer 1 2 and both the 
p-type semiconductor layer 1 3 and the p-type region 14. 
Fig. 4B schematically shows a depletion region 43 
(shown with hatching in Fig. 4B) formed in the FET 40. 
55 [0063] According to the FET 40 of Embodiment 3 de- 
scribed above, a field effect transistor with a high with- 
stand voltage and low loss can be obtained as in the 
case of the FET 30. 
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Embodiment 4 

[0064] In Embodiment 4, the description is directed to 
an example of a method of manufacturing a field effect 
transistor according to the present invention. 
[0065] Figs. 5A to 5D show manufacturing processes 
in the manufacturing method according to Embodiment 
4. In the manufacturing method of Embodiment 4, ini- 
tially, an n-type semiconductor layer 12 is formed on an 
n-type substrate 11 as shown in Fig. 5A (Process 1). 
Then, a part of the n-type semiconductor layer 12 is 
doped with boron or the like, so that a p-type region 14 
is formed to extend inward from the surface of the n-type 
semiconductor layer 12 (Process 2). The substrates de- 
scribed in Embodiment 1 can be used as the substrate 
11 . For instance, an n + -type ot-SiC substrate cleaved in 
the (0001) Si plane can be used. The n-type semicon- 
ductor layer 12 can be formed through epitaxial growth 
of an n-type semiconductor layer on the substrate 1 1 by 
a CVD, sublimation epitaxy, or molecular beam epitaxial 
(MBE) process or the like. Since the n-type semicon- 
ductor layer 12 is thin, it is not necessary to repeat epi- 
taxial growth and ion implantation plural times to form 
the n-type semiconductor layer 1 2 and the p-type region 
14. 

[0066] Afterward, as shown in Fig. 5B, a p-type sem- 
iconductor layer 1 3 is formed on the n-type semiconduc- 
tor layer 1 2 (Process 3). The p-type semiconductor layer 
13 is allowed to grow epitaxially by the same method as 
in the case of the n-type semiconductor layer 12. 
[0067] Then, as shown in Fig. 5C, parts of the p-type 
semiconductor layer 1 3 are doped with phosphorus, ni- 
trogen, or the like, so that an n-type region 1 5 and an n- 
type source region 16 are formed (Process 4). The n- 
type region 15 passes through the p-type semiconduc- 
tor layer 13 to reach the n-type semiconductor layer 12. 
The n-type source region 16 is disposed in a surface 
portion of the p-type semiconductor layer 1 3 and around 
the n-type region 15. 

[0068] Next, as shown in Fig. 5D, an insulating layer 
17 is formed on the p-type semiconductor layer 13 to 
cover at least a portion of the p-type semiconductor lay- 
er 13 between the n-type region 15 and the n-type 
source region 1 6 (Process 5). Furthermore, a gate elec- 
trode 1 8 is formed to be disposed on the insulating layer 
1 7, a source electrode 1 9 to be disposed to be in contact 
with the n-type source region 16, and a drain electrode 
20 to be disposed on the rear face of the substrate 11 
(Process 6). Thus, a field effect transistor can be pro- 
duced. The insulating layer 1 7 is formed by oxidation of 
the substrate 1 1 with semiconductor layers formed ther- 
eon, so that an insulating oxidation layer is formed, with 
removal of an unwanted part of the layer. The insulating 
layer 1 7 also may be formed by the CVD method or the 
like. 

[0069] In the above-mentioned process, the doping 
can be carried out by, for example, ion implantation. In 
the case of doping by the ion implantation, preferably, it 



is carried out as follows. 

[0070] That is, it is preferable that the ion implantation 
is carried out with an ion-implantation energy in the 
range of 1 keV to 10 MeV (the same holds true in the 

5 following embodiments). When the energy is in the 
above-mentioned range, conventional ion implantation 
equipment can be used and a dopant region with a depth 
of about 10 nm to several micrometers can be formed 
easily. When the ion-implantation energy is 1 keV or low- 

io er, the n-type region 1 5 and the n-type source region 1 6 
cannot be formed to have sufficient thicknesses and 
thus the withstand voltage of the device is reduced. In 
addition, it is not easy to carry out the ion implantation 
with a higher energy than 1 0 MeV in terms of the equip- 

15 ment. 

[0071] When the p-type region 14 and the n-type re- 
gion 1 5 are to be formed, it is preferable to implant ions 
with at least two different energy levels in a multiplex 
manner in carrying out the ion implantation (the same 
20 holds true in the following embodiments). This allows a 
box-shaped implantation region to be formed to have a 
dopant distribution with less nonuniformity in the depth 
direction. 

[0072] Preferably, the ion energy used in forming the 
25 n-type region 15 is higher than that used in forming the 
n-type source region 16. This allows the n-type region 
1 5 to be formed deeply and thus the electrical continuity 
between the n-type region 15 and the n-type semicon- 
ductor layer 12 can be improved. Hence, according to 
30 the above-mentioned configuration, the resistance in 
the on state is reduced and thus a field effect transistor 
with low loss can be obtained. 

[0073] Preferably, the ion dose used when the n-type 
region 15 and the n-type source region 16 are formed 
35 by ion plantation is at least 10 14 crrr 2 (the same holds 
true in the following embodiments). A dose of 1 0 14 cm' 2 
or more can prevent the resistance of the n-type region 
15 and the n-type source region 16 from increasing. 
[0074] When ion implantation is carried out in the 
40 above-mentioned process, it is preferable that the tem- 
perature of the substrate 11 is maintained at 300°C or 
higher (the same holds true in the following embodi- 
ments). This allows lattice defects caused by ion bom- 
bardment to be annealed to some degree during the ion 
45 implantation and thus activation of the dopant after the 
heat treatment can be accelerated. 
[0075] According to the manufacturing method of Em- 
bodiment 4, the FET 1 0 described in Embodiment 1 can 
be manufactured easily. In the above-mentioned man- 
50 ufacturing method, the channel region (see the channel 
region 21 shown in Fig. 1) formed in the surface portion 
of the p-type semiconductor layer 1 3 is not damaged by 
the ion bombardment or etching during the process. 
Therefore, a field effect transistor with good character- 
's istics can be manufactured. 
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Embodiment 5 

[0076] In Embodiment 5, the description is directed to 
another example of a method of manufacturing a field 
effect transistor according to the present invention. With 
respect to the same processes as in Embodiment 4, the 
duplicate descriptions will be omitted (the same holds 
true in the following embodiment). 
[0077] Figs. 6A to 6D show manufacturing processes 
in the manufacturing method according to Embodiment 
5. In the manufacturing method of Embodiment 5, ini- 
tially, as shown in Fig. 6A, an n-type semiconductor lay- 
er 12 is formed on an n-type substrate 11 (Process 1). 
Then, a part of the n-type semiconductor layer 12 is 
doped with boron or the like, so that a p-type region 1 4 
is formed to extend inward from the surface of the n-type 
semiconductor layer 1 2 (Process 2). Subsequently, a p- 
type semiconductor layer 13 is formed on the n-type 
semiconductor layer 12 (Process 3). As a next step, a 
part of the p-type semiconductor layer 1 3 is doped with 
phosphorus, nitrogen, or the like, so that an n-type 
source region 33a is formed in the surface portion of the 
p-type semiconductor layer 13 (Process 4). The n-type 
source region 33a may be formed in an annular shape 
with an opening in its center 

[0078] Afterward, as shown in Fig. 6B, the center por- 
tion of the n-type source region 33a is etched from the 
surface side of the p-type semiconductor layer 13, so 
that a trench 31 is formed to pass through the p-type 
semiconductor layer 13 to reach the n-type semiconduc- 
tor layer 1 2, and further an insulating layer 32 is formed 
on the inner wall of the trench 31 as shown in Fig. 6C 
(Process 5). The trench 31 can be formed by, for exam- 
ple, dry etching such as reactive ion etching (RIE) or 
inductively coupled plasma (ICP) etching. The insulat- 
ing layer 32 can be formed by, for example, wet oxida- 
tion, dry oxidation, or hydrogen-burning oxidation. In ad- 
dition, the insulating Iayer32 also can be formed by dep- 
osition of oxide (for example, aluminum oxide) or nitride 
by a vapor deposition method or a CVD method. 
[0079] Then, as shown in Fig. 6D, a gate electrode 34 
is formed to be disposed on the insulating layer 32, a 
source electrode 1 9 to be disposed to be in contact with 
the n-type source region 33, and a drain electrode 20 to 
be disposed on the rear surface of the substrate 11 
(Process 6). Thus, a field effect transistor can be man- 
ufactured. 

[0080] According to the manufacturing method of Em- 
bodiment 5, the FET30 described in Embodiment 2 can 
be manufactured easily. 

Embodiment 6 

[0081] In Embodiment 6, the description is directed to 
still another example of a method of manufacturing a 
field effect transistor according to the present invention. 
[0082] Figs. 7A to 7D show manufacturing processes 
in the manufacturing method according to Embodiment 



6. In the manufacturing method according to Embodi- 
ment 6, initially, as shown in Fig. 7A, an n-type semicon- 
ductor layer 1 2 is formed on a substrate 1 1 (Process 1 ). 
Then, a part of the n-type semiconductor layer 12 is 

5 doped with boron or the like, so that a p-type region 14 
is formed to extend inward from the surface of the n-type 
semiconductor layer 1 2 (Process 2). Subsequently, a p- 
type semiconductor layer 13 is formed on the n-type 
semiconductor layer 12 (Process 3). Afterward, an n- 

10 type source region 41 a is formed on a part of the p-type 
semiconductor layer 13 (Process 4). The n-type source 
region 41a may be formed in an annular shape with an 
opening in its center The n-type source region 41a can 
be formed through epitaxial growth of an n-type semi- 

*5 conductor layer with a high dopant concentration and 
removal of its unwanted portion by photolithographic 
and etching processes. 

[0083] Afterward, as shown in Fig. 7B, the center por- 
tion of the n-type source region 41a is etched from the 

20 surface side of the n-type source region 41a, so that a 
trench 31 is formed to pass through the p-type semicon- 
ductor layer 1 3 to reach the n-type semiconductor layer 
12, and further an insulating layer 32 is formed on the 
inner wall of the trench 31 as shown in Fig. 7C (Process 

25 5). The formation of the trench 31 allows an n-type 
source region 41 to be formed. 

[0084] Then, as shown in Fig. 7D, a gate electrode 34 
is formed to be disposed on the insulating layer 32, a 
source electrode 42 to be disposed to be in contact with 
30 the n-type source region 41 . and a drain electrode 20 to 
be disposed on the rear surface of the substrate 11 
(Process 6). Thus, a field effect transistor can be man- 
ufactured. 

[0085] According to the manufacturing method of Em- 
35 bodiment 6, the FET 40 described in Embodiment 3 can 
be manufactured easily. 

EXAMPLES 

40 [0086] The present invention is described further in 
detail using examples as follows. 

Example 1 

45 [0087] In Example 1, an example of manufacturing 
the FET 10 by the manufacturing method described in 
Embodiment 4 is described with reference to Figs. 5A 
to 5D. 

[0088] Initially, a SiC substrate (the substrate 1 1 ) was 
50 prepared, which was obtained by off-cutting of a Si plane 
of an n-type 6H-SiC(0001) toward the [11-20] direction 
by a tilt angle of 4 degrees. This SiC substrate had been 
doped with nitrogen at a concentration of 3 x 1 o 18 cm -3 . 
Then, the surface of the SiC substrate was washed. Af- 
55 terward, an n-type epitaxial layer (the n-type semicon- 
ductor layer 12) doped with nitrogen at a concentration 
of 1 .3 x 10 16 cm 3 was formed on the surface of the SiC 
substrate by the CVD method to have a thickness of 7 
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um. 

[0089] Next, a metal mask was formed on the surface 
of the n-type epitaxial layer. Boron ions with seven dif- 
ferent ion energy levels selected from the range of 0.9 
MeV to 7.0 MeV were implanted in a dose of 3 x 10 14 
cm* 2 . According to this process, a p-type region 14 with 
a depth of about 3 um was formed (see Fig. 5A). The p- 
type region 14 was formed to have a doughnut shape 
with an outer diameter of 23 um and an inner diameter 
of 13 jim. 

[0090] Next, a p-type epitaxial layer (the p-type sem- 
iconductor layer 13) doped with Al at a concentration of 
1 x 10 16 cm -3 was formed on the n-type epitaxial layer 
by the CVD method (see Fig. 5B). The p-type epitaxial 
layer had a thickness of 2 um. In this state, the substrate 
had a temperature of 1 600°C, and thus the p-type region 
14 formed by the ion implantation was activated during 
the formation of the p-type epitaxial layer. The p-type 
region 14 may be activated by a heat treatment in an 
inert gas containing a small amount of silane at a tem- 
perature of at least 1500°C before the formation of the 
p-type epitaxial layer. 

[0091 ] Next, a metal mask was formed on the surface 
of the p-type epitaxial layer. Nitrogen ions with seven 
different ion energy levels selected from the range of 0.9 
MeV to 6.0 MeV were implanted in a dose of 3 x 10 14 
cm* 2 at a substrate temperature of 500°C. Thus, an n- 
type region 15 was formed (see Fig. 5C). The position 
of the n-type region 15 corresponds to the position of 
the opening at the center of the p-type region 14 with 
the doughnut shape. The n-type region 15 was formed 
to have a surface having a circular shape with a diam- 
eter of 12 urn. According to this process, the n-type re- 
gion 15 with a depth of at least 2 um was formed. In 
other words, the n-type region 1 5 passed through the p- 
type epitaxial layer (the p-type semiconductor layer 13) 
to reach the n-type epitaxial layer (the n-type semicon- 
ductor layer 12) and had electrical continuity with the n- 
type epitaxial layer. 

[0092] Subsequently, another metal mask was 
formed on the p-type epitaxial layer and nitrogen ions 
with an energy of 20 keV were implanted in the p-type 
epitaxial layer in a dose of 5 x 1 0 15 cm" 2 at a substrate 
temperature of 500°C. Thus, an n-type source region 
16 was formed (see Fig. 5C). The n-type source region 
1 6 was formed to have a doughnut shape with an outer 
diameter of 26 um and an inner diameter of 1 6 um. The 
n-type source region 16 was formed so that the n-type 
region 1 5 is disposed inside the inner circle of the n-type 
source region 16. Then, the substrate in which the ni- 
trogen ions had been implanted was heat-treated in an 
Ar atmosphere at 1500°C for one hour, so that the re- 
gions subjected to the ion implantation were activated. 
Thus, the n-type region 1 5 and the n-type source region 
1 6 were completed. In the field effect transistor accord- 
ing to Example 1 , a channel region 21 (see Fig. 1 A) had 
a length of 2 urn. 

[0093] Next, the SiC substrate was introduced into an 



oxidation oven and was subjected to wet oxidation at 
1100°C for three hours. Thus, the surfaces of the SiC 
substrate and the semiconductor layer were oxidized 
and thereby a silicon oxide layer with a thickness of 40 

5 nm was formed. 

[0094] Subsequently, an unwanted portion of the sili- 
con oxide layer was removed by photolithographic etch- 
ing, and a Ni ohmic electrode was deposited and then 
was heat-treated. Thus, a source electrode 19 and a 

10 drain electrode 20 were formed. Furthermore, a gate 
electrode 18 made of polysilicon was formed on the sil- 
icon oxide layer (the insulating layer 1 7). The gate elec- 
trode 1 8 was formed to have a doughnut shape with an 
outer diameter of 1 6 urn and an inner diameter of 1 1 um. 

15 The source electrode 19 also was formed to have a 
doughnut shape with an outer diameter of 30 jim and 
an inner diameter of 20 um. 

[0095] The present example employed the SiC sub- 
strate obtained by off-cutting of a Si plane of a 6H-SiC 

20 (0001) toward the [11-20] direction by a tilt angle of 4 
degrees. Instead of this SiC substrate, the following sub- 
strates with a Si plane also may be used: a p-SiC(111) 
substrate, a 6H a-SiC(0001) substrate, a 4H a-SiC 
(0001) substrate, a 15R-SiC substrate, or substrates 

25 with planes obtained by off-cutting of the Si planes 
thereof by a tilt angle within 1 0 degrees (the same holds 
true in the following examples). In addition, the following 
substrates also may be used: a J3-SiC(1 00) substrate, a 
p-SiC(11 0) substrate, a 6H a-SiC(0001) substrate, a 4H 

30 a-SiC(0001) substrate, an a-SiC(1-100) substrate, an 
a-SiC(11-20) substrate, or substrates with planes ob- 
tained by off-cutting of the planes thereof by a tilt angle 
within 15 degrees (the same holds true in the following 
examples). 

35 [0096] In Example 1 , the n-type source region was 
formed by ion implantation, but may be formed through 
epitaxial growth as described in Embodiment 6. 
[0097] In Example 1 , the descriptions with respect to 
ion implantation were directed to the cases of the mul- 

40 tiievel-energy ion implantation with seven different ion 
energy levels selected from the range of 0.9 MeV to 7.0 
MeV and the ion implantation with an energy of 20 keV. 
However, the ion implantation is not limited to them and 
can be carried out with an energy within the range of 1 

45 keV to 1 0 MeV (the same holds true in the following ex- 
amples). Particularly, when at least two different energy 
levels are selected from the energy range described 
above and the multilevel-energy ion implantation is car- 
ried out, a box profile with a substantially uniform dopant 

50 distribution can be formed (the same holds true in the 
following examples). In the n-type or p-type region 
formed by the multilevel-energy ion implantation, its part 
with a thickness of about 1 urn measured from its sur- 
face may have a lower doping concentration. Therefore, 

55 when the part is removed by RIE etching, a better result 
can be obtained (the same holds true in the following 
examples). 

[0098] In Example 1 , the SiC substrate was main- 
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tained at 500°C during the ion implantation. However, 
the temperature is not limited to this. When the SiC sub- 
strate is maintained at 300°C or higher, damages 
caused by the ion implantation can be annealed to some 
degree during the ion irradiation and thus a FET of the 5 
present invention can be manufactured (the same holds 
true in the following examples). 

[0099] Furthermore, in Example 1, the silicon oxide 
layer formed by the wet oxidation of the SiC substrate 
at 11 00°C was used as the gate insulating layer (the in- 10 
sulating layer 1 7). Instead of the silicon oxide layer, how- 
ever, the following layers may be used: for example, a 
silicon oxide layer formed by the CVD method, an insu- 
lating oxide layer such as an aluminum oxide layer, a 
ferroelectric layer or an insulating nitride layer. 15 
[0100] In Example 1 , the p-type region 14, the n-type 
region 1 5, and the n-type source region 1 6 were formed 
in a doughnut or circular shape, but may be formed in a 
hexagonal shape. 

[0101] Moreover, the description in Example 1 was di- 20 
rected to the FET in which the channel region was 
formed of the p-type semiconductor and the carrier mov- 
ing in the channel region was electrons. However, the 
same effect was obtained in a FET manufactured to 
have a hole as the carrier and n-type and p-type semi- 25 
conductors replaced with the p-type and n-type semi- 
conductors in the FET according to Example 1 , respec- 
tively (the same holds true in the following examples). 
[0102] The field effect transistor described in Example 
1 had a withstand voltage of at least 600V. In addition, 30 
when the field effect transistors produced according to 
Example 1 were arranged in parallel in a 1 00 x 1 00 ma- 
trix form, a MOSFET with a high withstand voltage and 
low loss was obtained that has a low resistance in an 
on state, namely not higher than 1 00 mO. 35 

Example 2 

[0103] In Example 2, an example of manufacturing 
the FET 30 according to the manufacturing method de- 40 
scribed in Embodiment 5 is described with reference to 
Figs. 6A to 6D. 

[0104] Initially, a SiC substrate (the substrate 11) was 
prepared, which was obtained by off-cutting of a Si plane 
of an n-type 6H-SiC(0001) toward the [11-20] direction 45 
by a tilt angle of 4 degrees. This SiC substrate had been 
doped with nitrogen at a concentration of 3 x 1 0 18 cnr 3 . 
Then, the surface of the SiC substrate was washed. Af- 
terward, an n-type epitaxial layer (the n-type semicon- 
ductor layer 1 2) doped with nitrogen at a concentration 50 
of 1 .3 x 1 0 16 cm* 3 was formed on the surface of the SiC 
substrate by the CVD method to have a thickness of 7 
u.m. 

[01 05] Next, a metal mask was formed on the surface 
of the n-type epitaxial layer. Boron ions with seven dif- 55 
ferent ion energy levels selected from the range of 0.9 
MeV to 7.0 MeV were implanted in a dose of 3 x 10 14 
cm -2 . According to this process, a p-type region 14 with 



a depth of about 3 jim was formed (see Fig. 6A). The p- 
type region 14 was formed to have a doughnut shape 
with an outer diameter of 23 u.m and an inner diameter 
of 13 Jim. 

[0106] Next, a p-type epitaxial layer (the p-type sem- 
iconductor layer 1 3) doped with Al at a concentration of 
1 x 1 0 16 cm" 3 was formed on the n-type epitaxial layer 
by the CVD method to have a thickness of 2 u,m (see 
Fig. 6A). In this state, the substrate had a temperature 
of 1600°C. Accordingly, the p-type region 14 formed by 
ion implantation was heat-treated during the growth of 
the p-type epitaxial layer and thus was activated. Before 
the formation of this p-type epitaxial layer, the p-type re- 
gion 1 4 may be activated by an heat treatment in an inert 
gas containing a small amount of silane at a temperature 
of at least 1500°C. 

[0107] Next, a metal mask was formed on the p-type 
epitaxial layer. Nitrogen ions with an energy of 20 keV 
were implanted in the p-type epitaxial layer in a dose of 
5 x 10 15 cm* 2 at a substrate temperature of 500°C. 
Thus, an n-type source region 33a was formed. The n- 
type source region 33a was formed to have a doughnut 
shape with an outer diameter of 19 jim and an inner di- 
ameter of 9 |im or smaller. The n-type source region 33a 
was formed in a place allowing the inner circle of the n- 
type source region 33a to be included in the inner circle 
of the p-type region 14. The n-type source region 33a 
may be formed not in a doughnut shape but in a circular 
shape. Then, the substrate in which the nitrogen ions 
had been implanted was heat-treated in an Ar atmos- 
phere at 1500°C for one hour, so that the regions sub- 
jected to the ion implantation were activated. Thus, the 
n-type source region 33a was completed. 
[0108] Subsequently, the p-type epitaxial layer was 
etched from its surface and thus a trench 31 was formed 
to pass through the p-type epitaxial layer to reach the 
n-type epitaxial layer (see Fig. 6B). The trench 31 was 
formed so that its bottom surface 31a has a circular 
shape with a diameter of 9 jim whose center coincides 
with that of the doughnut-shaped p-type region 14. In 
addition, the trench 31 was formed so that its side wall 
31b has an angle close to a right angle (at least 75 de- 
grees) with respect to the surface of the p-type epitaxial 
layer. 

[0109] Next, the SiC substrate was introduced into an 
oxidation oven and was subjected to wet oxidation at 
1100°C for three hours. Thus, the surfaces of the SiC 
substrate and the semiconductor layer were oxidized 
and thereby an insulating layer made of silicon oxide 
with a thickness of at least 40 nm was formed. Conse- 
quently, the insulating layer 32 was formed to cover the 
inner wall of the trench 31 . In this case, the insulating 
layer 32 on the side wall of the trench 3 1 had a thickness 
of about 100 nm. 

[0110] Next, an unwanted portion of the silicon oxide 
layer was removed by photolithographic etching, and a 
Ni ohmic electrode was deposited and then was heat- 
treated. Thus, a source electrode 19 and a drain elec- 
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trode 20 were formed. In this case, the source electrode 
1 9 was formed to contact with the p-type epitaxial layer 
(the p-type semiconductor layer 13) and the n-type 
source region 33. The source electrode 1 9 had a dough- 
nut shape with an outer diameter of 26 |im and an inner 5 
diameter of 1 4 urn, which is larger than that of the open- 
ing of the trench 31. Furthermore, a gate electrode 34 
of polysilicon was formed on the insulating layer 32 to 
be fitted in the trench 31 . Thus, a field effect transistor 
according to the present invention was produced. io 
[0111] In the field effect transistor of Example 2, the 
length of the channel region 35 (see Fig. 3A) corre- 
sponds to that obtained through subtraction of the thick- 
ness of the n-type source region 33 from the thickness 
of the p-type epitaxial layer, namely about 1 .9 jim. is 
[0112] (n Example 2, the n-type source region was 
formed by the ion implantation, but may be formed by 
the epitaxial growth as described in Embodiment 6. 
[01 13] In Example 2, the silicon oxide layer formed by 
the wet oxidation of the SiC substrate at 1100°C was 20 
used as the gate insulating layer (the insulating layer 
32). Instead of the silicon oxide layer, however, the fol- 
lowing layers may be used: for example, a silicon oxide 
layer formed by the CVD method, an insulating oxide 
layer such as an aluminum oxide layer, a ferroelectric 25 
layer, or an insulating nitride layer. In this case, when 
the thickness of the gate insulating layer was set to be 
200 nm or thinner, an excellent MOSFET operation was 
obtained. 

[0114] In Example 2, the p-type region 14 and the n- 30 
type source region 33 were formed in a doughnut or cir- 
cular shape, but may be formed in a hexagonal shape. 
[01 1 5] The field effect transistor described in Example 
2 had a withstand voltage of at least 600V. In addition, 
when field effect transistors produced according to Ex- 35 
ample 2 were arranged in parallel in a 1 00 x 1 00 matrix 
form, a MOSFET with a high withstand voltage and low 
loss was obtained that has a low resistance in an on 
state, namely not higher than 100 mQ. 

40 

Example 3 

[0116] In Example 3, an example of manufacturing 
the FET 40 according to the manufacturing method de- 
scribed in Embodiment 6 is described with reference to 
Figs. 7 A to 7D. 

[0117] Initially, a SiC substrate (the substrate 11) was 
prepared, which was obtained by off-cutting of a Si plane 
of an n-type 6H-SiC(0001 ) toward the [11-20] direction 
by a tilt angle of 4 degrees . This SiC substrate had been 50 
doped with nitrogen at a concentration of 3 x 1 0 18 cm -3 . 
Then, the surface of the SiC substrate was washed. 
Subsequently, an n-type epitaxial layer (the n-type sem- 
iconductor layer 12) doped with nitrogen at a concen- 
tration of 1 .3 x 1 0 16 cm* 3 was formed on the surface of 55 
the SiC substrate by the CVD method to have a thick- 
ness of 7 jim. 

[01 1 8] Next, a metal mask was formed on the surface 



of the n-type epitaxial layer. Boron ions with seven dif- 
ferent ion energy levels selected from the range of 0.9 
MeV to 7.0 MeV were implanted in a dose of 3 x 10 14 
cm -2 . According to this process, a p-type region 14 with 
a depth of about 3 u.m was formed (see Fig. 7A). The p- 
type region 14 was formed to have a doughnut shape 
with an outer diameter of 23 ujn and an inner diameter 
of 1 3 p.m . 

[0119] Next, a p-type epitaxial layer (the p-type sem- 
iconductor layer 13) doped with Al at a concentration of 
1 x 10 16 cm* 3 was formed on the n-type epitaxial layer 
by the CVD method to have a thickness of 2 urn (see 
Fig. 7A). In this state, the substrate had a temperature 
of 1600°C. Accordingly, the p-type region 14 formed by 
the ion implantation was heat-treated during the growth 
of the p-type epitaxial layer and thus was activated. 
[0120] Subsequently, an n-type epitaxial layer doped 
with nitrogen at a concentration of 1 x 10 19 cm -3 was 
formed on the p-type epitaxial layer. Then, a part of this 
n-type epitaxial layer was removed by photolithographic 
and etching processes. Thus, an n-type source region 
41a having a circular shape with a diameter of 19 u.m 
was formed (see Fig. 7A). 

[0121] Next, the n-type source region 41 a was etched 
from its surface, so that a trench 31 was formed to pass 
through the p-type epitaxial layerto reach the n-type epi- 
taxial layer (see Fig. 7B). The trench 31 was formed so 
that its bottom surface 31a has a circular shape with a 
diameter of 9 u.m whose center coincides with that of 
the doughnut-shaped p-type region 14. In addition, the 
trench 31 was formed so that its side wall 31b has an 
angle close to a right angle (at least 75 degrees) with 
respect to the surface of the p-type epitaxial layer. 
[01 22] Next, the SiC substrate was introduced into an 
oxidation oven and was subjected to wet oxidation at 
1100°C for three hours. Thus, the surfaces of the SiC 
substrate and the semiconductor layer were oxidized 
and thereby an insulating layer of silicon oxide with a 
thickness of at least 40 nm was formed. Thus, the insu- 
lating layer 32 was formed to cover the inner wall of the 
trench 31 . 

[0123] Then, an unwanted portion of the silicon oxide 
layer was removed by photolithographic etching, and a 
Ni ohmic electrode was deposited and then was heat- 
treated. Thus, a source electrode 42 and a drain elec- 
trode 20 were formed. In this case, the source electrode 
42 was formed to contact with the p-type epitaxial layer 
(the p-type semiconductor layer 13) and the n-type 
source region 41. In addition, the source electrode 42 
had a doughnut shape with an outer diameter of 26 jim 
and an inner diameter of 14 \im, which is larger than that 
of the opening of the trench 31. Furthermore, a gate 
electrode 34 of polysilicon was formed on the insulating 
layer 32 to be fitted in the trench 31 . Thus, a field effect 
transistor according to the present invention was pro- 
duced. 

[0124] In the field effect transistor of Example 3, the 
length of the channel region 35 (see Fig. 4A) corre- 
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sponds to the thickness of the p-type epitaxial layer, 
namely about 2 ujti. 

[0125] In Example 3, the p-type region 14 and the n- 
type source region 41 were formed in a doughnut or cir- 
cular shape, but may be formed in a hexagonal shape. 
[0126] The field effect transistor described in Example 
3 had a withstand voltage of at least 600V. In addition, 
when field effect transistors produced according to Ex- 
ample 3 were arranged in parallel in a 1 00 x 1 00 matrix 
form, a MOSFET with a high withstand voltage and low 
loss was obtained that has a low resistance in an on 
state, namely not higher than 100 mil. 



Claims 

1 . A field effect transistor, comprising: 



reach the n-type semiconductor layer, 

wherein the n-type source region is disposed in 
a surface portion of the p-type semiconductor 
5 layer and around the n-type region, and a por- 

tion of the n-type source region other than its 
surface is surrounded by the p-type semicon- 
ductor layer, 

the gate electrode is disposed in a place corre- 
10 sponding to that of a portion of the p-type sem- 

iconductor layer between the n-type region and 
the n-type source region with the insulating lay- 
er interposed between the gate electrode and 
the portion of the p-type semiconductor layer, 
15 and 

the p-type region is disposed around the n-type 
region. 

5. The field effect transistor according to any one of 
claims 1 to 3, further comprising a trench passing 
through the p-type semiconductor layerto reach the 
n-type semiconductor layer, 

wherein the insulating layer is disposed on at 
least a side wall of the trench, 
the n-type source region is disposed in a sur- 
face portion of the p-type semiconductor layer 
and around the insulating layer, and 
the p-type region is disposed around the 
trench. 

6. The field effect transistor according to claim 5, 
wherein the insulating layer disposed on the side 
wall has a mean thickness not exceeding 500nm. 

7. The field effect transistor according to claim 1 , 
wherein a total of a mean thickness of the n-type 
semiconductor layer and a mean thickness of the 
p-type semiconductor layer does not exceed 20 |im. 

8. The field effect transistor according to claim 1 , 
wherein the p-type region has a depth not exceed- 
ing 10 ujti. 

9. A method of manufacturing a field effect transistor 
with an n-type semiconductor layer and a p-type 
semiconductor layerformed on the n-type semicon- 
ductor layer, the method comprising: 

a first process of forming the n-type semicon- 
ductor layer on an n-type substrate; 
a second process of forming a p-type region ex- 
tending inward from a surface of the n-type 
semiconductor layer by doping a part of the n- 
type semiconductor layer; and 
a third process of forming the p-type semicon- 
ductor layer on the n-type semiconductor layer, 
wherein the n-type semiconductor layer, the p- 



an n-type semiconductor layer; 
a p-type semiconductor layer formed on the n- 20 
type semiconductor layer; 
a p-type region embedded in the n-type semi- 
conductor layer to be in contact with the p-type 
semiconductor layer; 

a drain electrode electrically connected to the 25 
n-type semiconductor layer; 
an n-type source region disposed in contact 
with the p-type semiconductor layer; 
an insulating layer disposed adjacent to the p- 
type semiconductor layer; and 30 
a gate electrode disposed on the insulating lay- 
er, 

wherein the n-type semiconductor layer the p- 
type semiconductor layer, and the p-type region 
respectively are made of wide-gap semicon- 35 
ductors with a bandgap of at least 2eV. 

2. The field effect transistor according to claim 1, 
wherein the wide-gap semiconductor is SiC. 

40 

3. The field effect transistor according to claim 2, fur- 
ther comprising a substrate made of SiC, 

wherein the n-type semiconductor layer is 
formed on the substrate, and the substrate is a p- 
SiC(1 00) substrate, a (3-SiC(1 1 0) substrate, a 6H a- *5 
SiC(1 -1 00) substrate, a 4H a-SiC(1 -1 00) substrate, 
an a-SiC(1 1 -20) substrate, or one of substrates with 
planes obtained by off-cutting of planes thereof by 
a tilt angle within 15 degrees, or is one of the fol- 
lowing substrates with a Si plane: a p-SiC(1 1 1 ) sub- so 
strate, a 6H ot-SiC(OOOI) substrate, a 4H a-SiC 
(0001) substrate, a 15R-SIC substrate, and sub- 
strates with planes obtained by off-cutting of the Si 
planes thereof by a tilt angle within 10 degrees. 

55 

4. The field effect transistor according to any one of 
claims 1 to 3, further comprising an n-type region 
passing through the p-type semiconductor layer to 
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type semiconductor layer, and the p-type region 
are made of wide-gap semiconductors with a 
bandgap of at least 2eV, respectively. 

10. The method of manufacturing a field effect transis- 
toraccording to claim 9, furthercomprising, afterthe 
third process: 

a fourth process of forming an n-type region 
and an n-type source region by doping parts of 
the p-type semiconductor layer so that the n- 
type region passes through the p-type semi- 
conductor layer to reach the n-type semicon- 
ductor layer, the n-type source region being dis- 
posed in a surface portion of the p-type semi- 
conductor layer and being formed around the 
n-type region, and a portion of the n-type 
source region other than its surface being sur- 
rounded by the p-type semiconductor layer; 
a fifth process of forming an insulating layer to 
covera portion of the p-type semiconductor lay- 
er between the n-type region and the n-type 
source region; and 

a sixth process of forming a gate electrode to 
be disposed on the insulating layer, a source 
electrode to be disposed in contact with the n- 
type source region, and a drain electrode to be 
disposed on a rear face of the substrate. 



10 



15 



20 



25 



a fifth process of forming a trench to pass 
through the p-type semiconductor layer to 
reach the n-type semiconductor layer by etch- 
ing a center portion of the n-type source region 
from a surface side of the n-type source region 
so that the trench reaches the n-type semicon- 
ductor layer, and forming an insulating layer on 
an inner wall of the trench; and 
a sixth process of forming a gate electrode to 
be disposed inside the insulating layer, a 
source electrode to be disposed in contact with 
the n-type source region, and a drain electrode 
to be disposed on a rear face of the substrate. 



11 . The method of manufacturing a field effect transis- 
tor according to claim 9, furthercomprising, afterthe 
third process: 



30 



a fourth process of forming an n-type source 
region in a surface portion of the p-type semi- 
conductor layer by doping a part of the p-type 
semiconductor layer; 

a fifth process of forming a trench to pass 
through the p-type semiconductor layer to 
reach the n-type semiconductor layer by etch- 
ing a center portion of the n-type source region 
from a surface side of the p-type semiconductor 
layer so that the trench reaches the n-type sem- 
iconductor layer, and forming an insulating lay- 
er on an inner wall of the trench; and 
a sixth process of forming a gate electrode to 
be disposed inside the insulating layer, a 
source electrode to be disposed in contact with 
the n-type source region, and a drain electrode 
to be disposed on a rear face of the substrate. 



35 



40 



45 



12. The method of manufacturing a field effect transis- 
tor according to claim 9, furthercomprising, afterthe 
third process: 



a fourth process of forming an n-type source 
region made of an n-type semiconductor on the 
p-type semiconductor layer; 
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(57) There are provided a field effect transistor with 
a high withstand voltage and low loss and a method of 
manufacturing the same. The field effect transistor in- 
cludes an n-type substrate 11 , an n-type semiconductor 
layer 12 formed on the n-type substrate 11, a p-type 
semiconductor layer 13 formed on the n-type semicon- 
ductor layer 12, a p-type region 14 embedded in the n- 
type semiconductor layer 12, an n-type region 15 em- 
bedded in the n-type semiconductor layer 12 and the p- 



type semiconductor layer 13, an n-type source region 
16 disposed in the p-type semiconductor layer 13 on its 
surface side, an insulating layer 17 disposed on the p- 
type semiconductor layer 13, a gate electrode 18 dis- 
posed on the insulating layer 1 7, a source electrode 19, 
and a drain electrode 20. The n-type semiconductor lay- 
er 1 2, the p-type semiconductor layer 1 3, and the p-type 
region 14 are made of wide-gap semiconductors with a 
bandgap of at least 2eV, respectively. 



CO 

< 

CO 
CN 
If) 

CO 



CL 

LU 



10 

19 18 17 18 iQ 

4- n 'U Hi Irrn. 



Fig. 1A 




Printed by Jouve, 75001 PARIS (FR) 



INSDOCID: <EP 1143526A3 I > 



EP1 143 526 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 30 3280 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



WO 97/47045 A (CREE RESEARCH, INC; SINGH , 
RANBIR; PALMOUR, JOHN, W) 
11 December 1997 (1997-12-11) 
* page 12, line 25 - page 14, line 23 * 



* page 23, 

* page 22, 

* page 19, 

* page 17, 



line 12 

line 31 

line 15 

line 32 



1 ine 
line 



15 
36 



page 20, line 37 * 
line 35 * 



US 5 963 807 A (UEN0 ET AL) 

5 October 1999 (1999-10-05) 

* column 7, line 6 - column 8, line 23; 

figures 2,7A-C * 



PATENT ABSTRACTS OF JAPAN 

vol . 2000, no. 06, 

22 September 2000 (2000-09-22) 

-& JP 2000 082812 A (DENS0 CORP), 

21 March 2000 (2000-03-21) 

* abstract; figures 1,4,11 * 



PATENT ABSTRACTS OF JAPAN 
vol. 014, no. 263 (E-0938), 
7 June 1990 (1990-06-07) 

-& JP 02 082580 A (SANYO ELECTRIC CO LTD), 
23 March 1990 (1990-03-23) 
planar gate M0SFET with island-like 
layout, i.e. with gate electrodes formed 
in island patterns, and with deep p-type 
diffusion region around the channel to 
improve the breakdown voltage. 
* abstract * 



-/- 



The present search report has been drawn up for all claims 



1-3,5-9, 
11,12 

I, 2,5-8 
3 

8 

9-11 

II, 12 

1-3,5-9, 
11 



1-3,7-9 



H01L29/78 

H01L29/24 

H01L29/2O 

H01L21/04 

H01L21/336 

H01L29/10 

H01L29/78 

H01L21/04 

H01L29/24 

H01L21/335 



4,10 
4,10 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



H01L 



Place of seaich 



Munich 



Dale of con^jlelion ol the seaich 

9 August 2005 



Lantier, R 



CATEGORY OF CITED DOCUMENTTS 

X : particularly relevant if taken alone 

Y particularly relevant if combined with another 

document of the same category 
A : tech no logical background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

otter the filing date 
D document cited in the application 
L : dooument cited for other reasons 

& : member of the same patent family, corresponding 
document 



2 



>ISDOCID: <EP 1143526A3 I > 



EP 1 143 526 A3 



European Patent EUROPEAN SEARCH REPORT ApP ' iCa,i ° n 

OWee EP 01 30 3280 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPUCATION (lnt.CI.7) 


A 
A 


DE 198 39 970 Al (SIEMENS AG) 

16 March 2000 (2000-03-16) 

vertical MOSFET with compensation regions 

in termination and drift regions. The 

compensation regions are formed by 

succesive epitaxy and implantation. The 

device can be made of SiC. 

* column 1, line 61 - column 2, line 6 * 

* column 2, line 61 - column 3, line 18; 
figure 1 * 

US 5 384 270 A (UEN0 ET AL) 
24 January 1995 (1995-01-24) 

* figures 3a-h * 


1-4,9,10 
1-4,9,10 


* 

TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 


The present search report has been drawn up for all claims 


Place oi search ' Date ol completion of the eeafcri Examiner 

Munich 9 August 2005 Lantier, R 


CATEGORY OF CITED DOCUMENTS T ; theory or principle underlying the invention 

E : earlier patent document, but published on, or 
X : particularly relevant if taken atone after the filing date 
Y : particularly relevant if combined with another D : dooument cited in the application 
document of the same category L : document cited for other reasons 

A : technological background 

O : non-written disclosure & : member of the same patent family, corresponding 
P : intermediate document document 



3 



VSDOCID: <EP 1143526A3 I > 



EP 1 143 526 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 30 3280 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

09-08-2005 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


W0 974704b 


A 


11-12-1997 


1 IC 
U5 


b/19409 


A 


17-02-1998 








AT 


231288 


T 










AU 


3234597 


A 


05-01-1998 








CA 


OOC7000 

225/232 


Al 


11-12-1997 








DE 


59718477 


Dl 










DE 


59718477 


T2 


11-09-2003 








EP 


0916160 


Al 


19-05-1999 








JP 


2000509559 


T 










JP 


3462506 


B2 


05-11-2003 








KR 


2000016383 


A 


25-03-2000 








WO 


9747045 


Al 


11 1 O 1 OQ7 

ii- i£- iyy / 








US 


5831288 


A 


03-11-1998 


US 5963807 


A 


05-10-1999 


JP 


3158973 


B2 


23-04-2001 








JP 


9036359 


A 


07-02-1997 








DE 


19629088 


Al 


23-01-1997 








US 


5895939 


A 


20-04-1999 


JP 2000082812 


A 


21-03-2000 


NONE 








JP 02082580 


A 


23-03-1990 


JP 


2093024 


C 


18-09-1996 








JP 


7118542 


B 


18-12-1995 


DE 19839970 


Al 


16-03-2000 


JP 


2000101082 


A 


07-04-2000 








US 


6274904 


Bl 


14-08-2001 


US 5384270 


A 


24-01-1995 


JP 


3146694 


B2 


19-03-2001 








JP 


6151860 


A 


31-05-1994 





5 

s 

o 

m For more details about this annex : see Official Journal of the European Patent Office, No 12/82 



JSDOCID: <EP_ 



,1143526A3_I_> 



